









i 


;.-j 


1. Report No. 2. Government Accession No. 

NASA CR-2144 

3. Recipient's Catalog No. | 

4, Title and Subtitle 

AIRCRAFT HANDLING QUALITIES DATA 

5, I?e!c®m^eV 1972 

6. Performing Organization Code 

7. Author(s) 

Robert K. Heffley and Wayne F. Jewell 

8. Performing Organization Report No. 
Technical Report 1004-1 

10. Work Unit No. 

9, Performing Organization Name and Address 

Systems Technology, Inc. 
Hawthorne, California 90250 

11. Contract or Grant No. 
NAS 4-1729 

13. Type of Report and Period Covered 
Contractor Report 

12, Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D. C. 20540 

14. Sponsoring Agency Code 

15. Supplementary Notes 

16. Abstract 


Available information on weight and inertia, aerodynamic derivatives, 
control chai'aeteristics, and stability augmentation systems is documented 
for 10 representative contemporary airplanes. Data sources are given 
for each airplane. Flight envelopes are presented and dimensional deriv- 
atives, transfer functions for control inputs, and several selected handling 
qualities parameters have been computed and are tabulated for 10 different 
flight conditions including the power approach configuration. The airplanes 
documented are the NT-33A, F-104A, F-4C, X-15, HL-10, Jetstar, 
CV-880M, B-747, C-5A, and XB-70A. 


17, Key Words {Suggested by Author(s) ) 


18. Distribution Statement 



Handling qualities, transfer functions, stability 
derivatives, airplanes, control systems 

Unclassi fied 

- Unlimited 


19. Security Classif. (of this report) 

20. Security Classif. {of this page) 

21. No. of Pages 

22. Price' 

Unclassified 

Unclassified 

343 

$6.00 


4 For sale by the National Technical Information Service, Springfield, Virginia 22151 








TABLE OF CONTENTS 


Page 

I. INTRODUCTION 1 

n. NT-33A 5 

III. F-104A 32 

IV. F-4C 6l 

V. X -15 108 

VI. HL-10 137 

VII. LOCKHEED JETSTAR 1 66 

VIII. CONVAIR 880M 193 

DC. BOEING 747 210 

X. C-5A 243 

XI. XB-7QA 273 

APPENDIX A. AXIS SYSTEMS, SYMBOLS, COMPUTER MNEMONICS, 

AND DERIVATIVE DEFINITIONS A-1 

APPENDIX B. TRANSFORMATION OF STABILITY AXIS 

DERIVATIVES TO BODY AXIS B-1 

APPENDIX C. EQUATIONS OF MOTION AND TRANSFER JUNCTIONS C-1 


iii 




SECTION I 


INTRODUCTION 


The purpose of this document is to provide handling qualities investi- 
gators with readily usable data on several representative contemporary air- 
craft. Included are those data required to obtain transfer functions relating 
the aircraft's response to control inputs. An analytical description of the 
aircraft's stability augmentor is also given. 

For those aircraft for which complete information was available, the 
following summarizes the contents and presentation: 

1 . Flight conditions for which computations are made 
including: 

a- Configurations (e.g., fuel load, flaps, 
gear, etc. ) 

b. Mach/altitude combinations 

2. General arrangement 

3 . Control system description 

4. Stability augmentation description 

5 . Tabulations and/or plots of non-dimensional stability 
derivatives for trimmed flight 

6 . Dimensional, mass, and flight condition parameters 

7 . Dimensional stability derivatives 

8 - Transfer functions for control inputs 

9 . Selected handling qualities parameters 
10. Data sources 

A page number cross index is presented in Table 1-1. 

The intention has been to make this report completely self-consistent 
insofar as symbols, nomenclature, definitions, etc. The system used is 
described in three appendices. Appendix A covers axis systems, symbols 
and notation, and definitions of nondimensional and dimensional stability 
derivatives. Appendix B gives the axis system transformations for the 
derivatives. Appendix C includes the aircraft equations of motion and 
transfer functions used herein. 
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LATERAL-DIRE CTIOIIAL HAM5LIHG 
QUALITIES PARAMETERS 




The aircraft considered in this report span a wide range of sizes, speeds, 
and uses. In each case, transfer functions and handling qualities parameters 
were computed for flight conditions which were selected to cover the flight 
regimes of interest. A nominal configuration (generally cruise) was picked 
for all up and away flight conditions. For this nominal configuration, plots 
of trimmed non-dimensional aerodynamic force and moment coefficients are 
presented. Also, in most cases, a power approach case is presented along 
with a tabulation of aerodynamic coefficients. The coefficients are based 
on rigid wind tunnel data, estimated flexible data*, or flight test results, 
depending upon availability. This is indicated by the words "rigid, " 
"flexible," and "flight" on each aero data plot. Also, the axis system is 
indicated by "stability" for a body-fixed stability axis system or "body" 
for a body-fixed system aligned with the F.R.L. (Further clarification of 
axis systems used is given in Appendix A.) Descriptions of control systems 
and stability augmentation systems are given along with transfer functions. 
Where a longitudinal control system has a significant effect on the equations 
of motion (as with a bobweight) the stick- free transfer functions and handling 
qualities are given. 

Transfer functions are always given for body axis motion quantities. 
Handling qualities parameters are also given in the body axis. All accelera- 
tion transfer functions (a^ and a^-) are for the pilot's position. Thrust 
transfer functions do not include any engine response characteristics. 

A substantial portion of this report is in the form of computer printout. 
The mnemonics used in this printout are defined in Appendix A. 

The handling qualities parameters given in this report represent only a 
g mal 1 fraction of those developed over the years. The majority presented here 
are used in past and present versions of MIL-F-8785. Although only SAS-off 
values are shown, the definitions given in Appendix A are general and could 
be used in conjunction with the SAS-on transfer functions to yield SAS-on 
handling qualities parameters. 

While complete coverage of each aircraft including only the "latest" and 
"best" data would be desirable, the major criterion used was that the data be 
accessible to the author. This is why only isolated flight conditions are 
given for some aircraft, and also why, as those people more intimately familiar 
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with each particular aircraft will recognize, the data presented may repre- 
sent an early estimate in the design process and perhaps the "nominal config- 
uration" is one which never left the drawing board. The data have been reviewed 
and, although not all those presented indicate unquestionable trends, those 
data known to be based on only early "guesstimates" or showing unreasonable 
trends have been deleted. In some cases data were estimated by the author. 

As to how well the data can be expected to match the flying aircraft, it is 
assumed that those for whom this document is intended know well the difficulties 
of obtaining derivatives from flight test data. Every attempt has been made 
to insure reliable translation, interpretation, and transcription of the data 
from their source documents. 

The manufacturers of the aircraft described herein can not be held account- 
able for the information presented, nor would they be bound to concur in any 
conclusions with respect to their aircraft which might be derived from its use. 
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NT-33A BACKGROUND 


"The NT- 33 A variable stability airplane (Serial No. 51-4120) 
is an extensively modified T -33 jet trainer. The elevator, 
aileron and rudder controls in the front cockpit are disconnected 
from their respective control surfaces and have been connected 
to separate servomechanisms that make up an 'artificial feel' 
system. In addition, the elevator, aileron and rudder control 
surfaces have been connected to individual servos which can be 
driven by a number of different inputs. These servos receive 
their electrical inputs from the artificial feel system (pilot's 
commands, position or force), attitude and rate gyros, accelero- 
meters, dynamic pressure, a vane and p probe. This arrangement, 
through a response-feedback system, allows the normal T -33 
derivatives to be augmented to the extent that the handling 
qualities of many existing airplanes, future airplanes or hypo- 
thetical research configurations, can be simulated. The original 
T-35 nose section has been replaced with the larger nose of an 
F-94 to provide the volume required for the electronic components 
of the response-feedback system and the recording equipment."* 

Transfer functions are given for only the primary surfaces and engine 
thrust although the NT-33A also has other control surfaces and a range of con- 
trol crossfeed and feedback combinations. 

Aerodynamic data, for the most part, was taken from AFFDL-TR- 7 O- 71 . However, 
longitudinal data for the high lift configuration was obtained from LAL 127 
and Mach number derivatives from NACA-RM- 71 1 6 . 
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Figure II-1. ITi-JJA Flight Conditions 
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Figure II-2. NT-33 A General Arrangement 
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Figure II-3. NT-33A Control System 
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TABLE II- 1 


NT- 3 5 A 


Power Approach Non-Dimensional Stability Derivatives 

h = sea level 
V Tq = 228 ft/sec = 135 kt 
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TABLE II-2 

NT-33A DIMENSIONAL, MASS AND PLIGHT CONDITION PAR 

S = 23^.8 sq ft, b = 37. 5^ ft, c = 6.72 ft 
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NT-33A LONGITUDINAL DIMENSIONAL DERIVATIVES 
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NT-33A ELEVATOR TRANSFER FUNCTION FACTORS 

Bare Airframe 
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TABLE II- 5 

NT-33A THRUST TRANSFER JUNCTION FACTORS 


LT> >C 

fO O <£> O 
fsj m O 
O O f'J • 
o O • <M 


f\l 

O 

^ CMf\ O 
O 't *G C> 

O oo ro • 

O • • fO 


r<“> 
in O 

<n O' — « <n 
f\J O 00 o 
o o m • 

o o • <t 


in 0 s 

m ro gd O' 
ro oj O' h 

o o cn * 
o o • m 


UJ rO 'O 0 s 

oo r\j «“* c\i 
r\j • co * 
mm • vj- 


00 h N 

f- O' ro r- 

o O «0> "O 


in >}• 

m — i m >C 
rsj ro co t- 
OOOO'O 

o • ♦ • 

• 1 


^ no 
m m go 
rn o cr • 

• « • >o 


in n* 

m m -$■ r-i 

M O CD O 
O O • 
C? O • CO 


UJ V U\ (M 

O' • O' ■4" 

o r- • 


in 'f 
O o in • 


m co oo —« 
oo rg cT cf 
o o m • 
o o ■ m 


UJ i o 

cr m cm r- 


0' 

- , o N 

— • sj- CO 'O 


in <f 
m rj o 
r\j —* oo O 
O O * 
O * • "“C 


nj oj r- 
o cn m 

O * "U • 


■d- r\) <NJ CT 
cr nj n 
O -« vO • 


m m 

r- o -c cr 
nj ^ nj in 
O O 'O • 
o o * 


^ OO O' N 

o m f- m 


in •-* *-♦ 

cC X — — 

u i— 

1-0 3 

<1 \ _J -» LJ -> 


a j= < 

N -*■ 


X ~ 

H 111 HI UJ 

Q X X X 


X — ~ 

o o x o a 

^ X — X X 

Q < ^ ^ ^ 

X 


25 



TABLE II- 6 
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TABLE II-7 

NT-35A LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES 

(BODY AXIS SYSTEM) 
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TABLE II-8 

NT- 33 A AILERON TRANSFER FUNCTION FACTORS 

Bare Airframe 
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SECTION III 


F-104A 
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F-lOi+A BACKGROUND 


The F-lObA is a single place, lightweight, supersonic air superiority- 
fighter powered by a single turbojet engine with afterburner. The wing has 
a full span leading edge flap. Trailing edge flaps have a blowing-type 
boundary layer control system. Control is provided by conventional ailerons 
and rudder and an all -movable stabilizer. Pitch, roll, and yaw dampers are 
incorporated, however their effect is not shown here. Pitch and roll con- 
trols are fully irreversible while the yaw control is a cable-actuated rudder 
without boost. A bobweight is used in the longitudinal feel system. Its 
position is assumed to be at the pilot's location. 

The primary source of data was LR 10794. Drag information was obtained 
from LR- 12873. 

The nominal configuration used here is the combat loading for the F-lOLA 
based on actual weight and balance data. The PA configuration is a typical 
loading at flight manual approach speeds. 
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Figure III-1 . F-10UA Flight Conditions 
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TABLE III-1 


F-IOU 


Power Approach Non-Dimensional Stability Derivatives 
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F-1 C M STABILIZER TRANSFER FUNCTION FACTORS 
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TABLE III-6 

F-1 04A STICK FORCE TRANSFER FUNCTION FACTORS 

SAS Off — Bob-weight Loop Closed 
(BODY AXIS SYSTEM) 
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TABLE III -7 

F-IO^A THRUST TRANSFER FUNCTION FACTORS 

SAS Off — Bobweight Loop Closed 
(BODY AXIS SYSTEM) 
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P-1 04a iatbral-derectional dimensional derivatives 
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TABLE III-10 

F-1 O^A AILERON TRANSFER FUNCTION FACTORS 

SAS Off 

( BODY AXIS SYSTEM) 
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TABLE III-1 1 

F-1 O^A RUDDER TRANSFER FUNCTION FACTORS 

SAS Off 

( BODY AXIS SYSTEM) 
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F-10U DATA SOURCES 


Stabi? 1 ity and Control and Handling Qualities, F-104A, Lockheed Rept. 

No. LR 10794, 12 Dec. 1955 

Andrews, William H., and Herman A. Rediess, Flight-Determined Sta - 
bility and Control Derivatives of a Supersonic Airplane with~a 
Low Aspect-Ratio Unswept Wing and a Tee-Tail, NASA Memo 2-2-59H, 
Apr . 1 959 

Performance, F-104 d, Lockheed Rept. No. LR- 13875, 1 May 1958 

Flight Manual, F-104A and F-104-B USAF Series Aircraft, T. 0. 1F-104A-1, 
15 Dec. 1961 

Technical Manual, Flight Controls, USAF Series F-104A and F-104c 
Aircraft, T. 0. 1F-104A-2-8, 15 Mar. I960 
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SECTION IV 


F-4C 
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F-ll-C BACKGROUND 


The F-4-C is an Air Force tactical fighter whose primary mission is 
all-weather air-to-air missile combat* Lateral control is achieved by 
ailerons in combination with spoilers on a swept wing. A swept stabilator 
provides longitudinal stability and control. Directional stability and 
control is accomplished through a conventional fin-rudder combination* 

Landing speed is reduced by full span leading edge flaps and inboard plain 
trailing edge flaps in conjunction with blowing-type boundary layer control 
(BLC). Boundary layer control is automatically induced when full flap 
deflection occurs. 

Features distinguishing the USAF F-4C from its Navy counterpart, the 
F-4B, are: 

• Lack of drooped ailerons with flaps down resulting in 
higher landing speeds. 

• Dual flight controls resulting in slightly increased 
control system inertia. 

• Wing bumps to house larger main gear wheels resulting 
in a slight drag increase. 

Data included here was obtained primarily from MAC Report No. $Qk2. 
Special emphasis is placed on the longitudinal control system because of 
its relative complexity when compared to other aircraft. Figure IV-4 has 

been addqd to help illustrate this system. Also, care has been taken to 

• * 

retain sorrfe of the control system nomenclaure used by the manufacturer, 
e.g., q B and P BF (see Fig. IV-5). 

The Stability Augmentation block diagrams are shown in Fig. IV- 7 . The 
roll SAS described is not included in lateral directional SAS on transfer 
functions since it is faded out with the lateral control stick out of neutral 
position. 
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NOMINAL CONFIGURATION FLIGHT ENVELOPE 



63 


r lgure IV-1- Flight Conditions 



FS. 309.2 



Figure IV-2. F-UC General Arrangement 
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Figure IV-3- F-UC Control System 
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The product q B P BF is determined by the mach,q,and 8 S combination 

at a particular flight condition. See Fig. DZ-5 for nominal configuration values 








o 4 .8 1.2 1.6 2.0 


Mach 



Mach 


Figure IV-^. F-4C Feel System larameters 
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15.000 ft F-4C 

35.000 ft 389241b 
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Figure IV-6- F-4C Rudder Flexure Coefficient 
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Yaw rate gyro inclined 1.5° below FRL and 
lateral accelerometer at F.S. 198.0 and W. L. 23.0 

Figure IV-7 • F-UC Stability Augmentation 
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TABLE IV- 1 


F-4C 


Power Approach Non-Dimensional Stability Derivatives 



h = 

sea level 




V T 0 = 

250 ft/sec 

= 

156 kt 


a o = 

1 1 .7° 




5 s = 

- 9 . 1 ° 



Longitudinal 

Lateral- 

■Directional 



(Stability Axis) 

C L 

= -915 

% 

= 

—.6 55 / ra d 

C D 

= .242 

% 

= 

•199/rad 

C L a 

= 2.8/rad 

% 

= 

—.156/rad 

C B a 

= . 555 / ra d 

% 

= 

—.272/rad 

C % 

= —.098/rad 

% 

= 

—.015/rad 

Cni a 

= — . 95 / ra d- 


= 

.205/rad 

% 

= — 2.0/rad 

Cn 

n r 

= 

—.520/rad 

% 

= . 24 /rad 


= 

— . 0555 / ra d J 

°s 


°a 


/ Spoiler 

Cnig 

= -.522/rad 

° n & 

= 

— . 004 l/rad\ Effects 

°s 


°a 


1 Included 

C Dg 

°s 

= — . 1 4 /rad 

°^a 

= 

.057/rad 1 



Cy 5 r 

= 

. 1 24 /rad 



C n s 

°r 

= 

—.072/rad 



c % r 

= 

— .0009/rad 
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15,000ft F-4C 

35,000ft 38924 lb 

55,000ft Flexible 





2.2 











Stability Axis 
Flexible 





Combined aileron and spoiler 
effect per unit aileron deflection 









Mach 



TABLE IV- 2 

F-4C DIMENSIONAL, MASS, AND SLIGHT CONDITION PAR 

s = 530 sq ft, b = 38.67 ft, c = 16.04 ft 


*4 • O 

cj *-* 
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F-kC LONGITUDINAL DIMENSIONAL DERIVATIVES 

(BODY AXIS SYSTEM) 
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F-UC STABILIZER TRANSFER JUNCTION FACTORS 
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TABLE IV- 5 

F-l+C THRUST TRANSFER FUNCTION FACTORS 

SAS Off — Bobweight Loop Open 
(BODY AXIS SYSTEM) 
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TABLE IV-6 

F-l+C STICK FORCE TRANSFER FUNCTION FACTORS 

SAS Off — Bobweight Loop Closed 
(BODY AXIS SYSTEM) 
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TABLE IV-7 

F-4C THRUST TRANSFER FUNCTION FACTORS 

SAS Off — Bobweight Loop Closed 
(BODY AXIS SYSTEM) 
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TABLE IV-8 

P-4C STABILIZER TRANSFER FUNCTION FACTORS 

SAS On — Bobweight Loop Open 
(BODY AXIS SYSTEM) 
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TABLE IV- 8 (Concluded) 
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TABLE IV- 11 
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TABLE IV- 1 4 

F-ifC AILERON TRANSFER FUNCTION FACTORS 
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TABLE IV - 15 

F-UC RUDDER TRANSFER FUNCTION FACTORS 
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TABLE IV - 1 6 
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TABLE IV- 1 6 (Cone lude d ) 
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TABLE IV- 17 

F-4C RUDDER TRANSFER JUNCTION FACTORS 
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7-4C IATERAL-DIRECTIONAL HANDLING- QUALITIES E 

SAS Off 

(BODY AXIS SYSTEM) 
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SECTION V 


X- 15 
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X-15 BACKGROUND 


The X-15 is a single-place, rocket-powered airplane designed for flight 
at hypersonic speeds and extreme altitudes. The airplane is carried aloft 
under the right wing of a B-52 and is launched at an altitude of about 
45,000 ft and a Mach number of about 0.80. After launch, the X -15 performs 
a powered flight mission, followed by a deceleration glide prior to vectoring 
for a landing. With this operational technique, the airplane is capable of 
attaining a Mach number of 6 and can be flown to and recovered from an altitude 
in excess of 300,000 feet. 

Flights to high altitudes have been made with all three of the X-15 
airplanes in two configurations: the basic and the ventral off. The basic 

configuration is considered here. 

Aerodynamic control is provided through conventional aerodynamic surfaces, 
with vertical surfaces used for yaw control and the horizontal tail for both 
pitch and roll control. All of the aerodynamic control surfaces are actuated 
by irreversible hydraulic systems. Control force is provided by bungee for 
pilot feel. A conventional center stick is used for pitch and roll control, 
and rudder pedals are used for yaw control; however, a side-located stick is 
provided for control of pitch and roll in high-acceleration environments at 
the option of the pilot. Most of the X-15 missions have been made with the 
side stick, although the pilots used the center stick on their first flights. 
Only the center stick control is shown here. 

The augmentation system shown in this report consists of angular rate 
feedback loops about all three axes. In addition to the normal p -*« 5 a roll 
SAS loop, there is an r -► 6 a feedback known as the YAR loop. The gains for 
each SAS loop are manually set by the pilot. The SAS-on transfer functions 
given for this airplane assume maximum gain settings for each loop. This may 
not have been realistic for actual flights. 

The flight conditions considered for this airplane are all for straight 
and level trimmed flight. This is definitely unrealistic for this airplane; 
however, the intent here is to show general speed and altitude variation 
effects. 
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Nominal Configuration Flight Envelope 
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Figure V-1 . X-lo Flight Conditions 
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Note : 

Gains variable in 10% increments of the 
maximum values which are shown above, 
(e.g. roll gains selectable are .05, .10, .15, 
.20,. 25,. 30,. 35,. 40,. 45, and .50) 
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X- 1 5 aileron transfer function factors 

SAS On 

(BODY AXIS SYSTEM) 


o 
o o 
oc * 
X 


o 

iT vt '■t CM 

cm » o w 
C X u • 
r.' — • X 


r- 

X rg • 



or 

c r- o 
• c 4 *3 
x o x • 
mo • m 

i 


m in — « r- 
rJ r ■ p.- rsj 
• -» C • 
•-* • • <T 

I 


A* 

*-* <• 0 s r- sc x p- oo 

• j ^ • p o o x 

A1 IT • «4 C • X • 

x • x a; i r' * c 


5c 

C 

o 4U 

0 a * 


0C 

cm o: p- 
x if. c, 
O • X 
o X • 


I 


o 

<4* P- * 
CO CJ >c 
Cj co co 

0 o if n» 

O • ■ cm 

• I 

1 


if x co u 
O X m x 

' o N * 

cc o • — < 

» 


cr x 

M»or 
if. r- — . o 
o o -< * 

« * • 00 


r- c- o u. o. ir i p- o 

e rn ca • oo x cm m 

• cm • p- o • co • 

00 • — I — » — . ■ — i 


it 

C 

o o 

CD X • 
X 


rA X CD 0 

— • ♦ -< o 

O — < X r 
• <\i • fv. 

I 




x 

>4 x « 

If, 0- • GO 

onco 

o • — • ~ 


A >J- o vC 

•coo* 

I’M o X • 



I 


cm 

co O' x co 

O ao r- P~ 


• (M O • 


• • -4 


x o x X co x if* 

• O O * (\< f \< l\ rf i 

CM X • h- CM # if i • 

M • X 0»y*' 3 


o 
O Cj 

p~ x • 

rg 


ca 

r a> if <v 
h • co (A 
O vT x • 
• — » . x 


x 

a x *4 • 
<1 

O N • O 

o • x cm 


1 n 

r- -Hin f 

• ^ 0 n 
x O x • 
c\j o • m 

! 


r- 

x O' h- st 
O' X X) p- 
O 1 N O • 

• • • <4 


oo -4 x (\j a. >j o M 

• <o m • o < O' 

CO M • (Nj t\j K (C • 

rg » cd r- • « « ca 


5c: 

O 

O CV! 
-O X> • 


CM 

^ O GO — i 
X x O' cm 
O . CM • 
* O' • cm 


(A 

in C cm » 
x — < — • r- 
O cm * — i 
CJ • — < X> 


I 


o 

00 O X — ( 

• *4- >4 x 

A- O CM • 
—4 O • CM 


rA 

rA O O' x 
O O ' X 
*t >■-* O • 

• • • in 


omm n 4 m g: cc- 

« vt CA • yC S 4 

cm • rj —* 'D m . 

•— * CM vt • . . r\j 


in 




o 

O CM 
■4^ • 


P- 

O o fA 
cm • 0 O' 
O -J- ca • 

• CM • CA 

I 


0 

CM f“- O —i 
r-t in cm * 
O m .0 
* « in cr 

1 I 


CM 

m i in ■4’ m 
♦ —< r- O 
o o ca ♦ 
■yj- c» • n 


I 


O' 

yfOinfM 

• X. o • 


c n >o 

• A- O' 
yO rA • 
*4- « r»i 


CM y£ <4 O 

— < in r* 

CA O ca • 

• « • sT 


O 

o o 

■4" *4 CD 


H H 

fry r og C A 

O — < CA « 
• —i * CM 


yJJ 

X CM CA • 
X s0 CA O 

u n • m 

o « * i CM 

• I 

I 


<r 

— • x ca x 
• m p~ m 
H U fvl • 
CM O • CM 


I 


X 

aj u ^ in 

r~ — ; sO sT 

r- ca o • 

• • • sj- 


M O yf 

• r- x 

—.CM • 
CM t CM 


— I X 1~» *T s0 

• (A N M 4 

*4 CM <2 AA • 

X • * • CM 


* 

O 

o o 

cA rg co 


M - — i CC — * 
CA • O X 
o r- m • 
• rg • ca 


r* cu 

— * -4- n> «o cm x 

CM —i CM » • —i 

O * ♦ in cmo 

♦ —i *0 X X o 

I i 

I 


P— — • O' CJ 

x co o r^ 

m « * r* 

• CA cm • 


o cm AT c — . — ( 

X CM • O' 00 

— t • CM CA • 

• -sT X * X 


* CD CH 0* O 

40 00 P- CO X 

x mt x * 


o 
_J o 
cm x. ao 


cr 

CM CM <3 X 
ca • in r— 
O oo u\ ♦ 
* in • x 

i 


>0 W cA O' 
4 ON • 
O * • *“ 1 

• .A CA x 

( I 


0 

a 

• rA r— 
(A o x o 
—•on • 
— ( o « X 

1 


x x o h- 
00 c p >o 
• • na * 

>4* — * • x 


• x r- 

4 in «c 

-• x • 

— * » X 


• AON® 

o X CM rg x 

O U CO X • 

x * * * X 

I 


O "4 

_» O o A O' f' 

m x sj • -4 x 

• O O' M • 

• • X 

I 


■4" — y — CO 

r~ x — i cm ao 

CM • X X • CA 

CJ X DC • X o 

• X • CM X o 

I I 


O A- O' x 

rA X 0 s 

<r « « co 

• x — i • 


r- *o x O' r- 

X O' • C CA 

CM • X <4- • 

• X X • X 


O' X X cm x 

• (A -C *-« s4- 

— * x >0 M* • 

O' • • • X 

I 


o 

•m 

u_ 


CC — i rg 

LJ — . — • rM ^ 
H- b- ►- — 

< HI UJ ►* K 

z Ct r, ii id 

— — - o o 

U S N N j£ 
JC 


— « CM X 

</) — 

a: 

a < 

t— O E CO 
< ^ CC — — — 
Ct I — 

■JJ < v S v. 

>1 <S1 ^ 

D — 

^ z 




< 's, ^ 


nr -» 

z 


<z ^ 


-H CM 

— . Q. CL 

< Cl CL Ci. 

M. < — — < <4 

>- ^4 *-* \ *s| -t 

<r — i -j 


133 



TABLE V-1Q 

X -15 VERTICAL STABILIZER TRANSFER FUNCTION FACTORS 

SAS On 

(BODY AXIS SYSTEM) 


O 


d o 

O m 

O O IM g sT CM 

03 • O • O Ifl 

>0 C IT • 

• r- I • r<\ 

I 


g 

^ t 

g m g- • 
rg o • (M 
o o -o O' 

* • ^ -j 


in 

g (m in —* 

ir. o <r • 

. o * >o 

Ohin 
I • 

I 


rg O r— rg 

• • in O' 

(NJ g CO O 


CO *n <M 

— * or. • 

• • m 

r- —i rxi 
I 


g u-, 

• in r~- ^ vO 

m o • it, </■ 

o o r- o « 


^ • >o 

l l 


d 

o 

C 'C 
O' ao • 


X> 

r\j 

m co r- 
o m o m 
o * in • 

» fr> • 


♦ 


d 

o 
o o 

CO -O ■ 

m 


ro sC CO g- 

—< > —I O' 

o in • 

• eg • co 


m g> 

g au o • 
o o . g 

• • (M — » 

i 


g 

<n 

O if . O' -C 
,\0 0 ® 

• Ot* 

^ • i\J N 

I I 


^ >o g 

ft. O) 00 h 

* o o • 

m 

i 


g »“* m 

(MO * 

r- • g 
• cm .— » 

i 


co 

r- O' -c cm o 

o ro co a m 

• o • g • 

<r • g • im 

i i 


ro r-4 

O O CM • 
m — < • 

o O — I co 

• . CM CM 


co 

in 

co g m o 

jo o rn • 

• o • o 

v£ O 

• I I 

♦ 


CO — 

r- O' -* -o 
• co g * 
O •-* rg 
i — * • * cm 


g 

O' o 

g g> i n o O' O O' 

g (M « • O • *-h i N 

• • g co o 'O o ♦ 

,0 m m * cr» • m 

ii ii 


d 

o 
o o 
h~ o * 
rg 


cn 

r- co in eg 
• co m 

0 g m * 

• —i » m 

1 


o o 

N <0 O • 
g ”• • rg 

o o g t*- 

• • p -4 

I 


<r\ 

m 

oc ^ g 
ro o <N * 

• o g 'O 

in • • «■“* 

l l i 


O — » 

O ^ co ao 
O' >o O' • 
* o o in 
g) • • — < 
i I 


o — * r- 
O' O' • 
• m o 
g * —« 
t I 


O' <M 
if iA h g n 
* — * • rg in 

if, O 'OO • 
m • ini • m 
l I 


d 

o 

O <N 
so O • 


CM 

O X> r-t 
m ,-n o' cm 

o • <m • 

• O' • nj 


-O o 

C\J O — 1 • 

m m — t o 

o o • o 
• • r- *-* 
I 


g 

n- 

,-1 g o so 
rg o m eg 
. o <m * 
g • « m 
i i i 


o o 

OO r~ •— < TO 

oo r- co O' 

• o o • 


eg • • O' 

I I 


O —* m 

<-* o 

■ rg * 

m • r 
I I 


CO O 

r- o o t- g 

O (M » vO IM 

• o o o * 

r*- » rO • (XI 

I I 


+ 


id 

o 

O <M 
in g • 


r- o o m 
<M • O' O' 

o g m • 


— • o 

rg m —i * 
oo rg » m 

O O rg o 

. • -*g — < 
I 


m 

h- 

o^ >— i — ^ g 
• O O' • 

I I t 


Q fv- *-1 -4 
mom • 

• r-l ■—* 4? 

r- • • rg 

I t 


m o' o* 


i i 


O O 

g g g rg ^3 

» rg * in rg 

O' C O O • 

» . x • m 

f I l 


id 

O 

o o 
g g ao 


m 

—i —♦ rg m 
o • M fO 

0 -* o ♦ 

• r~* • rg 

1 


O' co 

o rg r- rg 
in g rn * 
o o • 

• • O' -o 

I 


s0 


run md 


m o 

• O 

CM « 
I 


-t • 

• rg 



r- O' co g 

O' • g o 
• ^ g rg 
rg • * 

1 


»n 

in >C oo r- vO rg O' O' 

— i o • • g • — < 

• • o o o g «-* • 

rg — 4 • rg ♦ eg 

I I I 


■d 

O 

o a 

m rg ao 


m 

g -t aj u 

rO . o co 
o r- g • 

• eg • 


CM 

ao in 

m g o *~i o cm 

r4 ( -fl I , 4) O 

r~t o m O' • O 

• • rj m g) • 

I 


—* r- f * 

r- in cr g co rg 

m ♦ o — * O' • 

o m *ooo* 

• rg r» • • rg 

I > l 


m ^ o 

roegr- o' m g ao — i 

rgg* *m*>oo 

i o co g o cm o • 

sO*rg rg* 0*.'0 

I III 


—) o 
oo ao 


cm cm -O in 
n • in h- 
O ao m ♦ 


o g 

_j c >c m o' r- 

i/) ir* g * *n 

. o o g • 

* r~* • rO 


gj 

g o O' ' o 
rg m * » 

aj o o rn 

* • m r^ 

l 


o 

0 

O r-4 O' o 
• O s0 • 
n o g o 

• in 

1 i t 


O' ;o O' —c 
» aO X • 
g co • — i ro 
• >o 

i I 


O' 

r- in rg O' ao * m — * 

• U\ • •CMO'O'O 

g g ,'n o O g cm • 

r-4 . m g • — i • ,n 

il ill 


CM 

r- o m o 
ro g ■ • 
O r- O' 
• • -h g 


c 

P- rg C CO 

JO O m • 
. O rg m 

in • • — 1 


O* 

r-* o ^ 

C0 I rl f. 

• o ao O 
■n cm • • 


ao O 

C O' if X O O' 'O N 

,—i . • IT. • in 3> 

» rg x O' o g O • 

n » — i — < » g • rg 

i ill 


Cf. — * "M 
C ^ 


-it 


U 

'N. 

UL 


x s: 


< .g .u h- I— 


►-I— — — 
1 N N N 2 


03 — —* — — 


CO re go 


r 3 


Q n. a. a 
\ a 


O ot 
V a: - a Y 


< 



■> M L X 

3 x a a 

V H ~ 


—< rg 


— a. a. — < • — 

> a > > 1 .x 

O > i < > >• 

'a <t < ^ 

Cl — ■ > — l — ^ 

>■ < n s g 3 

< — « «-c 


134 



TABLE V-11 
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SECTION VI 


HL-10 
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HI- 10 BACKGROUND 


The HL-10 is one of a number of lifting body research vehicles. The 
airplane is typically launched from a B-52 at 0.8 Mach and 45,000 feet. 

In numerous glide and powered flights the HL-10 has been flown in excess 
of 1.8 Mach and feet. 

Following problems involving the loss of roll-control effectiveness, 
the leading edge of the tip fins was modified. This became known as the 
Mod II configuration. The information contained here is for the Mod II 
HL-10. 

Pitch and roll control is obtained by elevons and yaw control by a 
conventional rudder. A subsonic or a transonic configuration is selected 
using combinations of speed brakes, elevon flaps, and tip fin flaps. These 
combinations are specified in Fig. VI-1. 

The stability augmentation system consists of angular rate feedback loops 
about all three axes. 

The flight conditions shown correspond to actual flight test points. 
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Figure VI- l. HL-10 Flight Conditions 



HL-IO F.s. 127.0 



140 


Figure VI -2. HL-10 General Arrangement 
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Figure VI - 4 - HL-10 Stability Augmentation 
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HL -10 ELEVATOR TRANSFER FUNCTION FACTORS 

SAS Off 
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HL-10 ELEVATOR TRANSFER FUNCTION FACTORS 
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HL-10 IATEHAL-DIRECTIQNAL DIMENSIONAL DERIVATIVES 
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HL -10 AILERON TRANSFER JUNCTION FACTORS 
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HL-10 RUDDER TRANSFER FUNCTION FACTORS 
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HL-10 AILERON TRANSFER FUNCTION FACTORS 
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HL-1 0 RUDDER TRANSFER FUNCTION FACTORS 
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SECTION VII 


LOCKHEED JET8TAR 
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JETSTAR BACKGROUND 


The Jetstar is a four engine utility transport. Controls consist of 
conventional ailerons, elevators, and rudder. Ailerons and elevators are 
mechanically actuated with hydraulic boost. The rudder is mechanically 
activated but assisted by a servo tab. 

The primary source of aerodynamic data was NASA CR-5^-4. Power approach 
aerodynamics were estimated using CR-544 and flight test data from 
1TC-TDR-62-24C-140. The control system description was based solely on 
flight test data from the latter reference. 
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Nominal Configuration Plight Envelope 
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Figure VII- 1. Jet star Flight Conditions 



F S. 477.9 



Figure VII-2- Jetstar General 







JETSTAR 


PITCH AXIS 



Note: Angle of attack effects on elevator 
hinge moment are neglected 


ROLL AXIS 



YAW AXIS 

F PED (lb) 

Figure VII-J* Jetstar Control System 
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TABLE VII- 1 


JETSTAR 

Power Approach Non-Dimensional Stability Derivatives 

h = sea level 

V T = 224 ft/sec = 132.5 kt 

Oq = 6.5° 


Longitudinal Lateral -Directional 

(Body Axis) 



= .737 

% 

= —.72/rad 

c d 

= .095 

% 

= .137/ rad 

C T 

h a 

= 5.0/rad 

% 

= —.103/rad 

CD 

= .75/rad 

% 

= — .37/rad 

Cm 

= -.80/rad 

% 

= — .l4/rad 

Cm- 

= —3.0/rad 

% 

= .11 /rad 

c m 

= —8.0/rad 

C n 

n r 

= —.16/rad 

C ^e 

= .4/ rad 

Cn &a 

= -.0075/rad 

“"Be 

= —.81 /rad 

%a 

= .054/rad 



C y&r 

= .175/rad 



Cn s r 

= -.063/rad 



C *6 r 

= .029/rad 
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JETSTAR DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS 
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I TH(DEG) 



JETSTAR LONGITUDINAL DIMENSIONAL DERIVATIVES 
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TABLE VII-5 

jetstar thrust transfer function factors 

Bare Airframe 
(BODY AXIS SYSTEM) 
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JET8TAR LONGITUDINAL HANDLING QUALITIES Pi 
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JETSTAR LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES 
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• CR -.644 -.580 -1.81 -3. 12 -.6 18 



JETSTAR AILERON TRANSFER FUNCTION FACTORS 
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TABLE VII-9 

JETS TAR RUDDER TRANSFER FUNCTION FACTORS 

Bare Airframe 
( BODY AXIS SYSTEM) 
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LATERAL-DIRECTIONAL HANDLING QUALITIES P. 
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PHI ro V £ .314 .230 . 145 . 0961 .325 . 153 .0714 . 365 .222 



JETSTAR DATA SOURCES 


Myers, Russell H., Jr., and Carl S. Cross, Jetstar Flight Evaluation, 
Air Force Flight Test Center Rept No. FTC-TDR-62-24C-140, Feb. 1963 

Clark, Daniel C., and John Kroll, General Purpose Airborne Simulator — 
Conceptual Design Report , NASA CR-5^4, Aug. 1966 

Flight Manual, USAF Series C-140A, C-140B, and VC-140B Aircraft, 

T. 0. 1C-140A-1 

Jetstar Handbook of Operating and Maintenance Instructions for USAF 
Models C-140A and VC-140B Aircraft , T. 0. 1C-140A-2 


192 




SECTION VIII 


CONVAIR 880M 
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CONVAIR 80OM BACKGROUND 


The Convair 880M is a medium-size four engine jet transport. Longi- 
tudinal and directional control consists of servo tab deflected elevators 
and rudder. Lateral control consists of servo tab deflected ailerons plus 
hydraulic actuated spoilers. 

Elevator, aileron, and rudder transfer functions are in terms of 
respective primary surface deflections with tab 16sses included. Although 
the control system diagram shows a lag in the spoiler actuator, none was 
used in computing transfer functions. 
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Nominal Configuration Flight Envelope 
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Figure VIII-1 . Convair 880M Flight Conditions 



















TABLE VIII -1 


CV-880M 

Longitudinal Non-Dimensional Stability Derivatives 


Flight Condition 

1 

2 

3 

4 

5 

6 

7 

Configuration 

Speed 

L 

134 KTAS 

PA 

165 KTAS 

.6 M 

.86m 

•7M 

.8m 

.86m 

Altitude 

SL 

SL 

23 K 

23K 

35K 

35K 

35K 

% (Deg) 

5-2 

4.3 

5-3 

2.8 

8.3 

4.7 

4 .0 

C L 

1 .03 

0.68 

0.36 

0.175 

0.454 

0.347 

0.301 

C D 

0.1 54 

0.080 

0.022 

0.019 

0.025 

0.024 

0.023 

C I ^ (1/rad) 

4.66 

4 .52 

4.28 

4.4i 

4 .62 

4.8 

4.9 

c D a (1/rad) 

0.43 

O.27 

0 .1 4 

0.07 

0.18 

0.1 5 

0.13 

C % (1/rad) 

-0.381 

-0.903 

-0.522 

-0.572 

-0.568 

-0.65 

-0.74 

Cj^. (1/rad) 
C L ( 1 / rad) 

2.7 

2.7 

2.44 

2.5 

2.75 

2.75 

2.9 

7.92 

7.72 

6.76 

6. 37 

7.51 

7-5 

7.62 

(1/rad) 

-4.17 

-4.13 

-4.16 

-4.66 

-4.4 

-4.5 

-4.6 

C (1/rad) 

H. 

-12.2 

-12.1 

-11 -5 

-11 .8 

-12. 

-12. 

-12. 

c L 8 (1/rad) 

0.22 

0.213 

0.193 

0.1 4l 

0.203 

0.190 

0.180 

( 1/rad) 

-0.657 

-0.637 

-0.586 

-0.438 

-O.618 

-0.57 

-0.532 

c h 6 e (1/rad) 
°e 

-O.326 

-0.328 

-0.336 

-O.278 

-0.342 

-0.31 

-O.285 

c L&t (1/rad) 
C m&t 6 (1/rad) 

0.055 

0 .0552 

0.0482 

0.0352 

0.0508 

0.047 

0.0450 

-0.164 

-0.159 

-0.146 

-0.11 

-0.155 

-0. 1 4 

-0.134 

c h ^ (1/rad) 

-0.287 

-0.285 

-0.297 

-0.343 

-O.312 

-0.335 

-0.352 
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TABLE VIII-2 


CV-880M 


Lateral-Directional Non-Dimensional Derivatives 
(Stability Axis System) 


Flight Condition 
Configuration 

1 

L 

2 

PA 

3 

4 

5 

6 

7 

Speed 

154 KTAS 

I65 KTAS 

.6M 

.86M 

•7M 

.8M 

,66 m 

Altitude 

SL 

SL 

23K 

23K 

35K 

35K 

3 ;/)K 

Cyp (l/ rad ) 
% 0/r ad ) 

c np 0/ rad ) 

-1 .015 

-0.877 

-0.788 

-0.815 

-0.807 

-0 .61 25 

~0 

-0.239 

-0.196 

-0.1 63 

-0.145 

-O.181 

-0 . i 77 

-0.179 

0 .1 1+5 

0.139 

0.1 28 

0.122 

0.129 

0.129 

0.133 

% (V rad ) 

-0.395 

-O.38I 

-0.329 

-0.243 

-0.341 

-0.312 

— 0 .29^ 

Cn p 0/rad) 

-O.O87 

-0.049 

-0 .01 73 

-0.0031 

-0 .023 

-0.01 1 

-0.0054 

C £ r (V rad ) 

0.309 

O.198 

0.146 

0.088 

0.180 

0.153 

0.146 

Cn r (1/rad) 

-0.218 

-O.185 

-0.163 

-0.189 

-0.166 

-0.165 

-O.165 

c yg a C/™ 3 ) 

0 

0 

0.0019 

0.0745 

0.0044 

0.00775 

0 .0097? 


-0.0487 

-0 .0384 

-0.0466 

-0.0452 

-0.0479 

-0.0497 

-0.0479 

C n Ba 0/ rad ) 

0.01862 

0 .01 72 

0.00746 

0.01 061 

0.007 

0.00803 

0.0097^ 

C hR a (l/rad.) 
°a 

-0.607 

-0.481 

-0.236 

-0.258 

-0.2233 

-0 .2005 

-0.258 

C y& t (1 / rad) 

0 

0 

0 

0 

0 

0 

0 

O/rad) 

-0.0072 

-0 .0056 

-0.0068 

-0.0068 

-0 .0071 

-0 .0075 

-0.0071 

c ng t & O/rad) 

0 

0 

0 

0 

0 

0 

0 

c h 6 , a ( 1 /rad) 
'--a 

-0.249 

-0.227 

-0.215 

-0.21 25 

-0.226 

-0.235 

—0 .21 3 

c y 5g ( 1 / rad ) 

-0.078 

-0.031 5 

-0.0189 

-0.0175 

-0 .01 89 

-0.01 89 

-0.0175 

Cig ( 1 /rad.) 

0.0805 

0 .0405 

0.029 

0 .0281 

0 .0324 

0.0329 

0.0339 

c ng s ( 1 /rad.) 

0.0258 

0 .01 29 

0.01 1 46 

0.0109 

0 .00975 

0 .01 004 

0 .0091 7 

c y 6r °/ rad ) 

0.223 

0 .21 55 

0.1904 

0.1394 

0.199 

0.184 

0.1685 

C £ (1/rad) 

0.0207 

0 .0226 

0.0176 

0 .01 83 

0 .01 65 

0 .01 87 

0.0193 

c ngp 0/rad) 

-0.0995 

-0.0958 

-0.0845 

-0 .0534 

-0.0848 

-0 .0756 

-0.0644 

C'ng r (l/rad) 

-0.2140 

-0.2125 

-O.1626 

-0.1844 

-0.1345 

-0.1491 

-0.1924 

c yg tr O/rad) 

0.0493 

0.0467 

0.0374 

0 .021 5 

0.o4o4 

0.0355 

0.0316 

c ^&t r 0/rad) 

0 .0021 

0 .0027 

0.0016 

0.0018 

0 .001 4 

0.0019 

0.0020 

C n&tr (1/rad) 
C'n Bt ^ 0/rad) 

-0.020 

-0 .01 9 

-0.015 

-0 .0077 

-0.016 

-0.01 34 

-0.01 1 

-0 . 233 

-< .253 

—0 .267 
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-0.254 

-0.27 

-0.267 

-0.265 



CV-88QM DIMENSIONAL, MASS, AND FLIGHT CONDITION PA 



200 



CV-880M LONGITUDINAL DIMENSIONAL DERIVATIVES 
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TABLE VIII -5 

CV- 880 M ELEVATOR DIMENSIONAL DERIVATIVES 

Bare Airframe 
(BODY AXIS SYSTEM) 
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TABLE VIII-6 

CV-880M THRUST DIMENSIONAL DERIVATIVES 
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CV-880M LONGITUDINAL HANDLING QUALITIES PARAMETERS 
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CV-880M LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES 
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TABLE VTII -9 

CV-8Q0M AILERON TRANSFER FUNCTION FACTORS 

Bare Airframe 
(BODY AXIS SYSTEM) 
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CV-880M RUDDER TRANSFER FUNCTION FACTORS 
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SECTION IX 


BOEING Jk7 
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BOEING 7^7 BACKGROUND 


The Boeing 7^7 is a very large four-fanjet intercontinental transport 
designed to operate from existing international airports. To obtain the 
necessary low speed characteristics the wing has triple- slotted trailing 
flaps and Krueger type leading edge flaps. The Krueger flaps outboard of 
inboard nacelle are variable cambered and slotted while the inboard 
Krueger flaps are standard unslotted. Longitudinal control is obtained 
through four elevator segments and a movable stabilizer. The lateral con- 
trol employs five spoiler panels, an inboard aileron between the inboard 
and outboard flaps, and an outboard aileron which operates with flaps down 
only on each wing. The five spoiler panels on each wing also operate 
symmetrically as speedbrakes in conjunction with the most inboard sixth 
spoiler panel. Directional control is obtained from two rudder segments. 

Information for this aircraft was obtained solely from a 7^7 simulator 
description (Boeing D6-30643). 
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Nominal Configuration 
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Figure IX- 1 . 33-7^7 Flight Conditions 



FS. 1339.9 



Figure IX- 2. B-7*+7 General Arrangement 










B-747 


YAW SAS 


r G (rad/sec) 


<#>iNS (rad) 



Flaps Up 

o 8, s *lrad) 

Flaps Down 


r = r 

4 > INS = /P dt 

(Gyro and INS Aligned with FRL) 

Figure JX-k. B-7^7 SAS 
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TABLE IX- 1 


B-7V7 

Landing Configuration Non-Dimensional Derivatives 


V T C = 

Oq = 
S s = 


Longitudinal 

c L 

= 

1 .76 

CD 

= 

ai 

• 


= 

5 . 67 /rad 

c D a 

= 

1 . 1 3 /rad 

Cl % 

= 

— 1 .45 /rad 

C Ld 

= 

— 6 . 7 /rad 


= 

— 3 . 3 /rad 

Cl i 

= 

5 . 65 /rad 

Cmq 

= 

- 21 .4/rad 

C lM 

= 

- 1-1 

Si 

- 

.36 

C L5e 

= 

. 356 /rad 

Cm &e 

= 

—1 .40/rad 


sea level 
131 KTAS 

8.5° 

-6.3° 


Lateral-Directional 


% 

= 

—1 .08/rad 

Cfp 


—.281 /rad 

c np 

= 

. 1 84/rad 

Ci p 

= 

—.502/rad 

c n p 

= 

-.222/rad 

C^ r 

= 

.195/rad 

Cn r 

= 

—.36/rad 

c ^6a 


.0550/rad 

Cn 6a 

= 

.0083/rad 

c ys r 

= 

. 1 79/rad 

C *5r 

=S 

0 

Cn 6 r 

= 

-. 1 1 2/rad 


= total deflection of right inboard aileron plus left 
inboard aileron with the effect of outboard ailerons 
included 
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TABLE IX -2 


B-7^7 


Power Approach Configuration 
Non-Dimensional Derivatives 




h 

= sea level 




V T 0 

= 165 KTAS 





= 5.7° 




8s 

= -2.1° 


Longitudinal 

Lateral -Dire ct ional 

c L 

= 

1.11 

S 

= —.96/rad 

C D 

= 

.102 

S 

= -.221 /rad 

C La 

= 

5.70/rad 

c np 

= .150/rad 

C % 

= 

.66/rad 

% 

= —.45/rad 


= 

—1 .26/rad 

Cn p 

= -.121 /rad 

C L& 

= 

—6.7/rad 

C^ r 

= .101 /rad 

Cm& 

= 

-5. 2/rad 

Cn r 

= —.30/rad 

°L q 

= 

5. 4/rad 

C ^6a 

= .04 6l /rad 

Cmq 

= 

—20.8/rad 

c ns a 

= ,0064/rad 

% 

= 

-.81 

c y& r 

= .175/rad 

Si 

= 

• 27 

C % r 

= .007/rad 

CL & e 

= 

•358/rad 

C n& r 

= —.109/rad 

c m6e 


—1 .34/rad 




5 a = total deflection of right inboard aileron plus left 
inboard aileron with the effect of outboard ailerons 
included 
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b-7^7 dimensional, mass and flight condition e 
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I THtDEG) 



B-7^7 LONGITUDINAL DIMENSIONAL DERIVATIVES 
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TABLE IX - 5 

B -747 ELEVATOR TRANSFER FUNCTION FACTORS 

Bare Airframe 
(BODY AXIS SYSTEM) 
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TABLE DC-6 

B-747 THRUST TRANSFER FUNCTION FACTORS 
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(BODY AXIS SYSTEM) 
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B-T^T LONGITUDINAL HANDLING QUALITIES PARAMETERS 

Bare Airframe 
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B-7^7 IATERAL-DIRSCIIONAL DIMENSIONAL DERIVATIVES 
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TABLE IX - 9 

B -747 AILERON TRANSFER FUNCTION FACTORS 

SAS Off 

( BODY AXIS SYSTEM) 
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B-7V7 RUDDER TRANSFER FUNCTION FACTORS 
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B- 7^7 RUDDER TRANSFER FUNCTION FACTORS 
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B-7^7 DATA sources 


Hanke, C. Rodney and Donald R. Nordwall, The Simulation of a Large Jet 
Transport Aircraft, Boeing Rept. No. D6-306^\5> Vols. I and II, ~~ 
Sept. 1970. 
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SECTION X 


C-5A 
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C-5A BACKGROUND 


The C- 5 A is a very large military logistics transport powered by four 
turbofan engines. Longitudinal control consists of elevators in four 
sections with an all-movable stabilizer for trim, roll control employs 
ailerons and spoilers, and yaw control a conventional rudder. All control 
surfaces are irreversible. 

A bobweight is used in the longitudinal feel system. The effective 
bobweight position is assumed to be at the pilot. 

The C-5A employs stability augmentation about all axes. A description 
of the SAS is not included here. 
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Nominal Configuration Flight Envelope 








CM 

CM 

CM 

CM 




LTV 

P 

-P 

-P 

P 




vo 

P 

Ch 

Cm 

4 n 




CM 

l 

W) 

i) 

l 

M 

1 

3 > 




P 

3 

I 

P 

H 

p 

rH 


1 — 1 


• 

co 

co 

CO 

CO 

0 

< 1 ) 

p 

p 


vo 

vo 

vo 

VO 

bO 


1 — 1 

»\ 

0 

0 

0 

0 




1 O 

1 — 

r— 

* — 

« — 

3 

0 


CM 

vo 

O 

X 

X 

X 

X 

p- 

m 

KV 

CO 

CO 

CM 

VO 

p 



• 

■ 

• 

* 

p 

1 — 1 

CO 

P 

O 

Kr 

<— 

vo 

• 


co 

ITN 


KV 

in 

CM 

0 

a> 

vo 

P 





8 

r~( 

II 

cd 

n 

II 

11 

tl 




♦ 





8 

CM 

1 


bD 

O 


>> 

M 

tSJ 

H 

(SI 

X 

M 


£ 

O 

P 


O 

o 

.£ 

o 

aS 

O 

P 

e 


co 

•H 


5 


& 

S 


O 

bO 

P 

cd 

o 

P 


8 

CM 








CM 

CM 

CM 







in 

-P 

P 

P 

CM 






vo 

<M 

<H 

Cm 

P 






CM 

1 

bp 

1 

bO 

l 

bO 

<M 

1 






• 

P 

0 

0 

W) 






m 3 

1 — 1 

H 

1 — 1 

P 

rH 





• 

CO 

CO 

CO 

rH 

a; 




P 





CO 




rH 


vo 

vo 

VO 







•s 

O 

O 

O 

vo 





m 

|0 

« — 

« — 

t — 

O 

«■ 




CM 

IP 

0 

X 

X 

X 

X 

00 





m 

. — 

KV 

O 





O 

• 

• 

• 

• 

m 

CO 

CO 

rj 


CO 

O 

o\ 

» — 

t— 

OJ 

CO 

Pn 



LTV 


i — 

KV 

P 

0 

cd 

O 



P 





rH 

1 — 1 

Q 

CO 


cd 


1 ! 

II 

11 




> 

II 


II 


U 



• 





6 

O 

cd 

P 


bjO 




(S 3 

8 

O 

a> 



• 

X 


N 

X 

KV 

O 



CJ 

H 

M 

M 

M 


245 


Figure X-1 . C-^A Flight Conditions 




Figure X-2. C-^A General Arrangement 
























TABLE X-1 


C=5A 

Power Approach Non-Dimensional Derivatives 

h = sea level 
V Tq = 24-7 ft/sec = 1 46 kt 

Oo = 2.7° 

Longitudinal Lateral-Directional 
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C-5A. LONGITUDINAL DIMENSIONAL DERIVATIVES 
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C-5A STICK FORCE TRANSFER FUNCTION FACTORS 

SAS Off — Bobweight Loop Closed 
(BODY AXIS SYSTEM) 
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TABLE X-9 

C-5A LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES 

(BODY AXIS SYSTEM) 
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-•2 13 -.282 -. 63<5 - 1.34 -.231 -.522 -.830 -.324 -.338 
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TABLE X-1 1 

C-5A RUDDER TRANSFER FUNCTION FACTORS 
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255 .230 .142 .0977 .309 .186 .135 .296 .120 



C-5A DATA SOURCES 


C~2 Flight Control Report (Aerospace Vehicle) Stability and Control , 
Lockheed-Georgia Rept. No. LG1US42-1-1, 8 Feb. 1 966 ” " 
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SECTION XI 


XB-70A 
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XB-7QA BACKGROUND 


The XB- 7 OA was originally designed, as a weapons systems with long range 
supersonic cruise capabilities. The two aircraft built became research air- 
craft to explore SST- related problems. 

The two XB- 7 QA's were identical except that the first airplane (XB-7QA-1 ) 
had zero geometric dihedral while the second had 5 deg geometric dihedral. 

The first airplane is considered here. 

Pitch control employs interconnected elevon and canard surfaces except 
in takeoff and landing where the canard is locked and a fixed canard flap 
is used. Roll control is obtained through differential action of the elevons. 
Yaw control is provided by rotation of the vertical stabilizers about a 
45 deg hinge line. 

The airplane is equipped with stability augmentation in al 1 axes. 

Data shown here is a composite of many sources. The object was to use 
flight test data where possible. 




275 


Figure XI-1 . XB-70A Flight Conditions 
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Figure XI-2. XB-70A General Arrangement 
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Figure XI- 5- XB-70A Control System 
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TABLE XI -1 


XB-70A 

Power Approach Nondimens ional Stability Derivatives 

h = sea level 

Vij o = 347 ft/sec = 205 kt 
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c D = 
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S 
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= 
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% 
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Co 
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a 

—.25/rad 

C n 
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O 
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°e 

— . 19/rad 

C *a 
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= -.0052/rad 
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= -12/rad 



C iBr 

= —.0018/rad 
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= —.103/rad 
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SL XB-70A 

20,000ft 3845241b 

40,000ft .218c 



Mach 



SL XB-70A 

20,000ft 384524 lb 

40,000 ft 
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Mach Mach 
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8 t = 25 






C TJ 

o 2 
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Mach 


XB-TOA dimensional, mass, and plight condition para 

s = 6297.8 sq ft, b = 105.0 ft, 0 = 78.53 ft 


00 
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XB-7QA LONGITUDINAL DIMENSIONAL DERIVATIVES 
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MOTH .138E-6 .220E-6 .220E-6 .2206-6 .2206-6 .2206-6 .220E-6 .220E-6 .220E-6 .220E 



TABLE XI-4 

XB-7CA ELEVATOR TRANSFER FUNCTION FACTORS 

SAS Off — Bobw eight Loop Open 
(BODY AXIS SYSTEM) 
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TABLE XI-5 

XB-70A THRUST TRANSFER FUNCTION FACTORS 

SAS Off — Bobweight Loop Open 
(BODY AXIS SYSTDM) 


c. c if' r 

C - C t: 

C l_ C • 


u c c 

-X •* T V 

c c c: • 


u sO <4 rv 4 

ir *. - '3 U' 

- C C t * 


CC a. u C 
f-i n c o 
— c - * 


I O -4 

u a u p- 

{'. ^ <j u 

c c • 


I fp P V . 

u. i. * 
u , *- Pv >3 P 
- <L C C • 
p c • • P 


vf 

I o Vi 

u, >J o c 

i" s/ .. >3 a 

fi o c * 

a c.j o 


i ■ p 

u <; p- xf/ 
o u p ir 
C- o c. • 


• fs. o c 

U- a p o sf 

U rH p If n 

•“ c o c< • 

f\ c> • • *— 


sT 

l */, 

LU -.1 tti C 
P U> ^ O' 
CO c ^ • 

cr c, • <\j 


I >3 %.f j 
IL* 00 -J; 0 
sC U . st. O' 
m O O • 


vf CO 

I <" ■ rn P 

U- %t> J' P tf- 

irt O <c p ri 

— o o o • 

rv O . • o- 


I * 

L L 4 C J 
P «/l C «f, 
n C m * 
<Xj C • P 


I U"> 4 r-l 

u. bt ^ P c 
U"\ *-* IP Of: m 
r- 1 C* C C ♦ 

rv o • * pj 


i c 

uj >J >J ir 
p -< cc P 
m o ro * 


I c 

yi vO O' 
O CC --i i 

o c.' Pi * 


y. P- 0 Op 
> d sj- ^ cr 


vr 

I ro 

UJ Csl nT 

P r\ ro u"' 

m o ^ • 


i a> 

LJ : ttJ C_J 00 
r\\ rr c a 
H U IM * 

r-* • ‘ <P 


C' V. 

POPP 
4 a. cc r'. 
C O <r * 


I </ 

UJ 01 U p 
p C\J vr fO 

m o -j • 


uj u- c 0 

O <V m cr 


I °- 

uj m — < o - ' s? 

-4 m co O 

o » — 1 • 

NO * • 't 


p) o 
'T <f >r 
O' C*x IT *-h 
C C 'O * 


>d 

I 

LL‘ iP CO <J 
p N (NJ H 

ro c <- • 

CC • * PJ 


U sj O 
p 4 ) rb lA 

sC r' n • 


U. o P- 1 P- 

4 N O ey; 

^ O < — * 


rvj ro »-♦ tf> 

in o 0 Pi 


p 

O ffi 

•-i ao <t 
O M a, M 
C O LP * 


1 <f 

uj n n; c H 

uj •— i cr v- p 

r* c vr r * 


< U UJ f- P 

X n o Lull 

■ — on 

X 7 X p I 

u p» p. f-j .c 

* — i c - 1 


X ^ — — 


e o x c o 
■P x — x x 


O <l s P i 


295 



TABLE XI-6 

XB-70A STICK FORCE TRANSFER FUNCTION FACTORS 

SAS Off — Bobweight Loop Closed) 

(BODY AXIS SYSTEM) 
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TABLE XI- 7 (Concluded) 
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XB-70A ELEVATOR TRANSFER FUNCTION FACTORS 

SAS On — Bobweight Loop Open 
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TABLE XI -8 (Concluded) 
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TABLE XI -9 (Concluded) 
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TABLE XI - 10 

XB- 7 QA ELEVATOR TRANSFER FUNCTION FACTORS 

SAS On — Bobweight Loop Closed 
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TABLE XI- 1 1 
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TABLE XI- 11 (Concluded) 
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XB-70A LONGITUDINAL HANDLING QUALITIES E 

SAS off 
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XB- 70 A LATERAL DIRECTIONAL DIMENSIONAL DERIVATIVES 
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XB-70A AILERON TRANSFER FUNCTION FACTORS 
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TABLE XI -1 5 

XB-7QA RUDDER TRANSFER FUNCTION FACTORS 

SAS Off 

(BODY AXIS SYSTEM) 
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APPENDIX A 


AXIS SYSTEMS, SYMBOLS, COMPUTER 
MNEMONICS, AND DERIVATIVE DEFINITIONS 

1. AXIS SYSTEMS 



X B> y B> zb 


Xs> Y S> Z S 


The Body -Axis System consists of right-handed, orthogonal 
axes whose origin is fixed at the nominal aircraft center 
of gravity. It's orientation remains fixed with respect 
to the aircraft, the X B and Z B axes being in the plane of 
symmetry. The exact alignment of X B axis is arbitrary, herein 
it is taken along the body centerline reference. 

1116 S tability -Axis System is that particular body-axis 
system for which the Xg-axis is coincident with the 
projection of the total steady-state velocity vector ( Vm ) 
on the aircraft's plane of symmetry. It's orientation ° 
remains fixed with respect to the aircraft. 
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2. SYMBOLS 


a Speed of sound in air 

a y Lateral acceleration along the y-body axis 

at the center of gravity (positive out right 
wing) 

ai Lateral acceleration parallel to the y-body 

axis at a distance Z x aa d- iz from the c.g., 

ajf = ay + £, x r - £ z j> 

a.' z Normal acceleration parallel to the z-body 

axis at a distance £ x from the c.g., 

a z = a z — ^x^ 

a.';' Normal acceleration parallel to the z-body 

axis at a distance ig from the c.g. 

b Reference wing span 

B Bobweight gain 

B.L. Buttock line 


c 

C 


D 

FRL 


F.S. 


ST 

n LAT 
' ST 


■ped 


g 

G 


Reference chord 

Longitudinal feel system damping 
Center of gravity 

Aerodynamic force (drag) along the total 
velocity vector (positive aft) 

Fuselage reference line ( parallel to x-body 
axis) 

Fuselage station 

Longitudinal control column force (+ aft) 
Longitudinal stick force (+ aft) 

Lateral stick force (+ right) 

Rudder pedal force ( + right ) 

Acceleration due to gravity 
Pilot control to surface gearing 
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ft/sec 

ft/sec^ 

ft/sec^ 

ft/sec^ 

ft 

lb/g 

ft 

lb/in./sec 

lb 


lb 

lb 

lb 

lb 

ft/sec^ 

deg/in. or 
deg/deg 



h 

Altitude 

ft 

I 

Longitudinal feel system inertia 

lb/in. /sec^ 

lx, I z 

Moments of inertia referred to body axis 
(unless otherwise specified) 

slug-ft^ 

^xz 

Product of inertia referred to body axis 
(unless otherwise specified) 

slug- ft 2 

jcjj 

The imaginary portion of the complex vari- 
able s = a t ja.) 

rad/sec 


Effective distance of bobweight from c.g. 
(positive forward) 

ft 

^x 

Distance along the x-body axis from the 
c.g. (positive forward) 

ft 

^th 

Perpendicular distance from c.g. to thrust 
line (positive for nose-up pitching moment 
due to thrust) 

ft 

^z 

Distance along the z-body axis from the 
c.g. (positive down) 

ft 

K 

Longitudinal feel system spring constant 

lb/in. 

KTAS 

Knots true airspeed 


KCAS 

Knots calibrated airspeed 


K * 

Feel system spring constant per unit dynamic 
pressure 

(lb/in. ) /psf 

L 

Rolling moment about the x-axis due to aero- 
dynamic torques (positive right wing down) 

ft-lb 

L 

Aerodynamic force (lift) perpendicular to 
the total velocity vector in the aircrafts 
plane of symmetry (positive up) 

lb 

m 

Mass 

slugs 

M 

Mach number 


M 

Pitching moment about the y-axis due to 
aerodynamic torques (positive nose up) 

ft-lb 

MAC 

Mean aerodynamic chord 

ft 

MGC 

Mean geometric chord 
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N 

Aerodynamic normal force along the z-body 
axis, but positive up 

lb 

N 

Yawing moment about z-axis due to aerodynamic 
torques ('positive nose right) 

ft- lb 

P 

Roll rate, angular velocity about x-axis 
(positive right wing down) 

rad/sec 

q 

Pitch rate, angular velocity about y-axis 
( positive nose up) 

rad/sec 

q 

2 

Dynamic pressure, l/2 p 

lb/ft 2 

r 

Yaw rate, angular velocity about z-axis 
(positive nose right) 

rad/sec 

r RG 

Yaw rate gyro signal 

rad/sec 

s 

Laplace operator, a + jo) 

rad/sec 

S 

Reference wing area 

OJ 

£ 

TED 

Trailing edge down 


TEU 

Trailing edge up 


TL 

Thrust line 


u 

Linear perturbed velocity along the x-axis 
(positive forward) 

ft/sec 

Uo 

Linear steady- state velocity along the 
x-axis (positive forward) 

ft/sec 

V 

Linear perturbed velocity along the y-axis 
(positive out right wing) 

ft/sec 

v s 

Stall speed 


< 

o 3 

Total linear steady-state velocity (positive 
forward ) 

kt 

w 

Linear perturbed velocity along the x-axis 
(positive down) 


W.L. 

Water line 

in. 

W 

Weight 

lb 

w 0 

Linear steady-state velocity along the 
z-axis (positive down) 

ft / sec 
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X 

Aerodynamic force along the x-axis (positive 
forward ) 


Y 

Aerodynamic force along y-axis (positive 
out right wing) 

lb 

Z 

Aerodynamic force along z-axis (positive 
down) 

lb 

a 

Perturbed angle of attack 

rad 


Steady- state (trim) angle of attack 
relative to the FRL 

deg 

P 

Sideslip angle 

rad 

7o 

Steady- state flight path angle 

deg 


Aileron control surface deflection (includes 
spoiler effects, etc.) (positive for posi- 
tive rolling moment) 

rad 


Elevator surface deflection from trim 
(positive for nose-down pitching moment 
for aft surface ) 

rad 

5 eo 

Trim elevator deflection 

deg 

^cc 

Longitudinal control column deflection 
from trim (positive aft) 

deg 

& ST 

Longitudinal stick deflection from trim 
(positive aft) 

in. 

,LAT 

°ST 

Lateral stick deflection from trim (posi- 
tive right) 

in. 

& ped 

Rudder pedal deflection from trim (posi- 
tive right pedal forward) 

in. 

& w 

Lateral wheel deflection from trim (posi- 
tive about x-axis) 

deg 

B S 

Stabilizer surface deflection from trim 
(positive for TED) 

rad 

^sp 

Spoiler surface deflection (positive up) 

rad 

5 V 

Vertical tail deflection from trim (posi- 
tive for nose-left yawing moment) 

rad 

5 r 

Rudder deflection [positive for nose-left 
yawing moment (negative N)] 
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A 


Denominator of airframe transfer function 


e 




0 

X TH 

P 

o 


<P 


CJD.? 


Angle between principle inertia axis and FRL 
(positive about y-axis) deg 


Damping ratio of linear second-order mode 
particularized by the subscript 

Pitch angle , / q dt for straight and level 
flight, positive nose up rad 

Inclination of thrust line with FRL [posi- 
tive gives negative (— ) z force] deg 

Mass density of air slugs/ft3 

The real portion of the complex variable 
s = a + jcd rad/sec 

Roll angle, (cos e Q /p dt-sin e 0 /r dt) in 
straight and level flight (positive right 
wing down ) rad 


Undamped natural frequency of a second-order 

mode, particularized by subscript rad/sec 


Special Subscript 


a 

cc 

d 

e 

G 

INS 

P 

r 

R 

s 

SAS 

sp 

ST 


Aileron 
Control column 
Dutch roll 
Elevator 
Gyro 

Inertial navigation system 

Phugoid 

Rudder 

Roll subsidence 
Spiral 

Stability augmentation system 

Short period 

Stick 
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Special Superscript 


DIR Directional control system (e.g., rudder pedal) 

LAT Lateral control system 


Symbols Unique to Specific Aircraft 


ARI 


BLC 

v-DIR 

%LEX 

P BF 

q B 

5 d 


B *a c 

&t e 

(&t e ~ &e) c 


5 t r 

(&tr ~ &r) c 


Aileron- rudder interconnect (F-4) 

Boundary layer control (F-104, F-4) 

Rudder flexure coefficient (F-4) 

Bellows force parameter (F-4) 

Bellows pressure (F-4) 

Yaw damper surface deflection (F-104) 
(positive for nose-left yawing moment) 

Aileron tab deflection (CV-880M) 

Commanded aileron tab deflection (CV-880M) 

Elevator tab deflection (CV-880M) 

Commanded elevator-elevator servo tab 
combination (input linkage) (CV-880M) 

Rudder tab deflection (CV-880M) 

Commanded rudder-rudder servo tab 
combination (input linkage )(CV-880M) 


ft 


2 


lb/ft 2 


rad 

rad 

rad 

rad 


rad 

rad 


rad 
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3« COMPUTER PRINTOUT MNEMONICS 


a. DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS 


COMPUTER PRINT OUT 

STANDARD NOTATION, DEFINITION 


s 

S, wing reference area 


B 

b, wing span 


C 

o', mean geometric chord 


F/C# 

Flight Condition number 


H(FT) 

h, altitude, feet 


SL 

Sea Level 


M(-) 

M, Mach number 


VTO(FPS) 

true airspeed, knots 


VTO(KTAS) 

Vx 0 , true airspeed knots 


VTO(KTCS) 

Vt 0 , calibrated airspeed, knots 


W(LBS) 

W, weight, pounds 


C.G.(MGC) 

c.g., center of gravity relative 
mean geometric chord 

to 

IX 

IY 

IZ 

IXZ 

Ix ) 

Iy ( Body axis (FRL) moments 

Iz i inertia, slugs-ft 2 

Ixz / 

of 

EPSILON(DEG) 

€, inclination of principle axis 
respect to FRL, degrees 

with 

Q(PSF) 

q, dynamic pressure, psf 


QC(PSF) 

q c , impact pressure, psf 


ALPHA (DEG) 

a Q , FRL angle of attack, degrees 


GAM4A(DEG) 

7 q , flight path angle, degrees 


LXP(FT) 

£ x; x distance to pilot, ft 


LZP(FT) 

£ y z distance to pilot, ft 


ITH(DEG) 

i.^, thrust incidence with respect 
to FRL, degrees 

XI (DEG) 

* Hh + degrees 


LTH(FT) 

perpendicular distance to 
thrust line from c .g . , ft 
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b. 

LONGITUDINAL PARAMETERS 

COMPUTER PRINT OUT 

STANDARD NOTATION, DEFINITION 

XU* 

Xu 

1 /sec 

zu* 

Zu 

1 /sec 

MU* 

K 

1 / sec-ft 

XW 

X w 

1 /sec 

ZW 

Zw 

1 /sec 

MW 

Mw 

1 /sec-ft 

ZWD 

Zw 

1 /sec^ 

ZQ 

Z q 

1 /sec 

MWD 

Mw 

1 /sec-ft 

MQ 

Mq 

1 / sec 

tXDDD 

x & 

ft/sec^-rad 

ZDDD 

z 8 

ft/sec -rad 

MDDD 

M& 

1 / sec^ 

DTH 

6 th 

Thrust 

FST 

Fst 

Stick force 

U 

u 

fps 

W 

w 

fps 

THE 

0 

rad 

HD 

h 

fps 

AZP 


ft/sec^ at X = ix 

tDDD signifies a control 

surface, e.g., 

for elevator DDD = DE; for aileron 

DDD = DA 
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c . LATERAL-DIRECTIONAL PARAMETERS 


COMPUTER PRINT OUT STANDARD NOTATION, DEFINITION 


YV 

Yv 

1 /sec 

YB 

Y P 

ft/sec 2 

LB' 

Lp 

1 /sec 2 

NB' 

Np 

1 / sec^ 

LP’ 


1 / sec 

NP' 

N P 

1 /sec 

LR' 

L’ 

1 /sec 

NR' 

Nr 

1 / sec 

t Y*DDD 

Yg 

1 /sec 

L'DDD 

L5 

1 /sec 2 

N’DDD 

Ng 

1 /sec^ 

B 

P 

rad 

P 

P 

rad/sec 

R 

r 

rad/sec 

PHI 


rad 

AYP 

a y 

ft/sec 2 at & 


*DDD signifies a control surface, e.g., for elevator DDD = DE; for aileron 
DDD = DA. 
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d. TRANSFER FUNCTION PARAMETERS 


The following shorthand notation is used to print the factored 


polynomials for 

all transfer 

functions*: 




(s + 

1 Ax ) i 

= l/ T Xi 

i 

= 1 to k 

(s^ + 

2 K S 

+ 0) nt 

= - 

J 

= 1 to 1 


where 

k + 2i 

= n, the order 

of the polynomial 


COMPUTER PRINT OUT 


STANDARD NOTATION, DEFINITION 


DET 

N(X/Y) 

A(X) 

t i/t(x)i 

tz(x)j 

*W(X)J 


Roots of the denominator 
Numerator Ny 

Gain of the transfer function x/y 
1/T xi , rad/sec 

h 

rad/sec 


For example: 


D£ NCMINATOR 
1/T (DET ) 1 
i/T (DET ) 2 
Z( DET ) 1 
M ( DET) 1 


.0318 

2.20 

.0609 

1.13 


Translates to: 


NUMERATORS 
N( B /DR ) 


At B 

) 

. 0295 

1/T (B 

n 

-.0494 

i/T (B 

) 2 

2.05 

1/T <8 

) 3 

42. 3 



. 0295 ( s 


.0295(s - .0^94) (s + 2.05)(s + b2.3) 

(s + ,03l8)(s + 2.20)(s 2 + 2 X .0609 X 1.13s + 1.13 2 s y 


*The transfer function x/y is written as: 


x/y 


Up A x (s“ + s - 1 + ... s°) 
A (s n + s 11 - 1 + ... s°) 


tAny roots enclosed in parentheses imply the opposite order of what is 
specified, e.g., Z(DET)l = (0.00132) =>l/T(DET)l =0.00132 
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e. LONGITUDINAL HANDLING QUALITY PARAMETERS 


COMPUTER PRINT OU STANDARD NOTATION, DEFINITION 


D(G)/D(U) (DEG/KT) 87 /du, degrees/knot 


NZA (G/RAD) N Za , g/rad 


EQUATION 


(i. 609 )( 57.3 


* B?(s)' 


1 

V T C V To 


for s = 0 


DE/G (DBG/G) 


6 e /g, degree s/g 


\g A(s) / 


for s=0 


, , . Control anticipation 

CAP (RAD/SEC/SEC/G) pmlrtW( ra d/sec2/g 


‘^<‘>1 \/l * 1 * 


g A S c0/ 


FHUGOID(ii) 

(TUCK( 2 )) 


The phugoid time to 
double amplitude, seconds 


r> for 5pv, < 0 


l/C(l/lO) 


Short period inverse cycles 2 it 

to 1/10 amplitude In 10 J 1 — 


for 0 < i sv < 1 


FST/KT (LB/KT) 


Stick force per knot, 
pounds /knot 


1 .689 I jr^(s)J for s = 0 


FST/G (LB/G) 


Stick force per g, pounds 
per g 


1 ”*st 
8 A 


for s = 0 


The parameter has no meaning 
or is not defined at this flight 
condition 


*The hat (N) notation implies constant speed (u = Q 0 = 0 ). 
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f . LATERAL- DIRECTIONAL HANDLING QUALITY PARAMETERS 


COMPUTER PRINT OUT 
DR PERIOD (SEC) 

l/C(l/2) 

SPIRAL (2) (SEC) 

P(l) 

P(OSC)/P(AV) 

W(PKI)/W(D) 

DEL-B-MAX 

PHI to BETA, PHASE 

PHI TO BETA 
PHI TO VE 

*v e = (p)(v EAS ), Veas = 


STANDARD NOTATION, DEFINITION 
Dutch roll period, seconds 


Dutch roll inverse cycles 
to l/2 amplitude 


EQUATION 

2 *Mi d V 1 ~ 


2ix 
In 2 




If 


1 - a 


for £ d >. 0 


Spiral time to double Ts In 2, for 1 /T <_ £ 0 

amplitude, seconds 


Roll rate at peak I for a unit 
step input of 5 a 


A measure of the oscillatory 
to the average roll rate 


Pi + P5 “ 2p 2 
Pj '+ P5' + 2p 2 


for 5 0.2 


~ ^2 
Pi + P 2 


, for E d > 0.2 


Ratio of the roll frequency to a/^d 

the dutch roll frequency ^ 


££ m : Maximum sideslip excur- 
sion at the c.g., occurring 
within two seconds or one half- 
period of the dutch roll, which- 
ever is greater for a step 
aileron-control command 

j£cp/p at s = (£; u^) d , degrees 

|<p/p| at s = (£; ajn) d , rad/rad 
*(qp/v e | at s = (£; cu n ) d , deg/fps 
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k. NQNDIMENSIONAL DERIVATIVE DEFINITIONS 


a) Longitudinal Body Axis 


°N = 

, positive up 


c x ■ 

V 

- , positive aft 


%x " 

dCfl/da 

°M " qsc 

°Nd = 

2Vm 

2 dC N /dd 

c 

% = ^Cm/^ 

t 

II 

Sc n /Sm 

2V^ 

Ci^ - c SCm/^ 

C N& = 


Cmm = SCm/M 

C *a = 

bCyr/doc 

2Vj 

Cm, - 

a 

X 

II 

dCjr/dM 


o 

x 

u 

SCy/SS 


Longitudinal Stability Axis 


c L = 

■r— . positive up 
q S 


c D = 

. positive aft 

q S 


c Ia = 

SCj/Sa 


°I d = 


Pitching moment 

C I« ■ 

Scl/Sm 

derivatives are 

% = 


identical to 


Sc D /Sa 

those for body axis 

c Dm = 

cKDj)/cSM 


CDS = 

bc D /bd 
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c) Lateral Body and Stability Axis 

Though physically and numerically different,* see Appendix B, the 
same symbols are used for body axis and stability axis lateral rolling 
and yawing moment derivatives. The sideforce derivatives (Cy, etc.) ar 
physically and numerically the same in both axis systems. When the 
rolling or yawing moment derivatives are given in this report the axis 
system is specified. When using the following all quantities should be 
for the same axis system. 


C y = qs 

O 

H 

II 

►nil 

S| l 


qSb 


c i p = ^i/^p 

S 

= dCn/^P 

°y 6 = dC y /d5 

2V Tn 

% = 

Cn p 

2V«p_ 

= b ^c K /dp 


2V T n . 


2V-P . 


C l r “ b ^l/^ r 

C nr 

= b dc N /d r 


Clg = SCi/^6 

Cng 

= bCjJbb 


*The exception is the zero trim angle of attack condition. 
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5- DIMENSIONAL STABILITY DERIVATIVE DEFINITIONS 


The same 

symbols are used 

derivatives . 

Care should he < 

quantities are used. 

a) Longitudinal Body Axis 

II 

X u + T u cos£ 0 

Xu = 


X w = 


II 

Q) 

„ t 2 

pSVrp 

- 0 0*. 
2m ^e 

(SI 

n 

Zu ” T u sin| 0 

Z u = 

pSU o ( M . 

m 2 %1 " 


W o p \ 

2U~o C ^) 


2U 0 ° N a 


pSU Q 

2m 


-% - 2 ( C N + I %)] 


pSc U 0 
Ito V^ o 


l/sec 

l/sec 

1 /sec 


ft 

sec^rad 


M u = M u + ^ 


sec- ft 
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PS C U 0 

M „ 

M u 

as 

I v 

2 c m^ + c i 



y 




pScU 0 

r 2w 0 

Hr 


2I y 

^ + U 0 



pSc^ 

Uo _ 

Hr 


Tty Vt o Cffl A 

Ht 

S3 

UqMw 


Hi 

= 

UqMw 




pSc^V^ 


Mq 

= 

4l y 

- c 

mq 


W n 


+ o '-'ittur) 


pScVip 

Mr = n 

b e 2Iy “5 e 


tu - s St/Sm 


1 

sec-ft 

1 

sec-ft 

1 

sec-ft 

l/sec^ 

l/sec 

l/sec 

l/sec^ 

l/sec 


b) Lateral Body Axis 


Y v = ( P SV To /2m)C yp 

l/sec 

Yp = V Tq Y v 

ft/sec' 

Y 5a = ( P SV§ o /an)C y& 

°a 

ft/ sec' 

Y § r = (pSv| 0 /2m)C y&r 

ft/sec‘ 

Y&* = (pSV To /2m)C y6r 

l/sec 

^ = (pSv| o b/2I x )C^ 

l/sec 2 

Lp = (pSVT^/^I-JCip 

l/sec 

Lr = (pSV To b 2 Al x )C lr 

l/sec 
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L§ a = (pSVT o b/2I x )C 1& l/sec 2 

L &r = (pSvf o b/2I x )C l6r 1/sec 2 

Y 6 * = (pSV To /2m)C y&a l/sec 

N p = (pSv| 0 b/2I z )Cnp l/sec 2 

Np = (pSV To b 2 Al z )C np l/sec 

N r = (pSV To b 2 Al Z )Cn r l/sec 

N& = (pSvf o b/2I z )Cn 6 1/sec 2 

a, 

N &r = ( P S^ o b/ 2I z) C n 5r l/sec 2 

l£ = U-p + I xz Np/l x )G l/sec 2 

Lp = (Lp + I xz N p /l x )G l/sec 

Lr = (bj. + I XZ N r /l x )G l/sec 

b&; = (I© r + ys/lxlS 1/sec 2 

= (L 5 a + I xz N S a / I x) G l/sec 2 

Np = (Np + I xz bp/I Z )G l/sec 2 

Np = (N p + Ix Z Lp/l z )G l/sec 

Ny = (N r + Ixzbr/ljG l/sec 

= (% r + W' 1 *' 0 l/sec 2 

= (% a + l/sec 2 
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TRANSFORMATION OF STABILITY AXIS DERIVATIVES TO BODY AXIS 
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b. TRANSFORMATION OF DIMENSIONAL DERIVATIVES 
FROM STABILITY AXIS TO BODY AXIS 


Longitudinal 

(X u ) b = X u cos 2 Oq — (X w + Z u ) sin Oq cos < x q + Z w sin 2 a 

(Xu) b = s i n ^ Oo 

(X w ) b = X w cos 2 Oq + (X u — Z w ) sin <Xq cos <Xq — Z u sin 2 Oq 

(X^)-^ = X* cos 2 ccq — Z-^ sin Oq cos Oq 

= X q.j6 cos ~ Zq.g sin ^o 

(Z u ) b = Z-q cos 2 Ojq ™ (Z^ — X u ) sin ao cos a o X^ sin 2 a o 

(Zu) b = -Zw s i n a© cos cto 

(Z w ) b = Z w cos 2 cco + (Z u + X w ) sin a© cos ao + X u sin 2 cto 

( z w) b = cos 2 oto + X^ sin clq cos Oq 

(Zqjg) b = Zqjg cos + Xq.g sin Oq 

(M u ) b = cos ao - M u sin ao 
(Mu) b = -Mfr sin Oq 

(M„) b = cos cto + Mu sin cto 

(Mw) b = cos cto 

<Mq;e,) b - %8 

<V„ - V 
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Lateral -Directional 


( Y v;&)b 
( Y v)b 
( Y p)b 
( Y r)b 

(4;&) b = 
(H)b 
(Lp)b 
(Lr) b = 
(NvjS)'b = 

(%) b = 
(Np) b - 
(Nr) b = 

( Y x)b = 
( Y z)b = 

( Y XZ )b = 


y v;B 

Yp cos cto - Y r sin 

\ 

Y r cos + Yp sin a Q 
^vj& cos cxo — Ny.g sin cxq 
L y cos Oq — l/y sin 

Lp cos 2 ao ~ (Lr + Np) sin ao cos ao + Np sin 2 oq 

Lr cos 2 ao — (Np — Lp) sin ao cos ao — Np sin 2 cto 

Nyj$ cos cto + Lyjg, sin ccq 

! t 

N^ cos Oq + L^ sin a 0 

Np cos 2 ao — (Np — Lp ) sin ao cos cto — Lr sin 2 ao 

Np cos 2 Oq + (L^ + Np) sin ao cos cto + L-^ sin 2 cto 

I x cos 2 Oq + 2I XZ sin cto cos cto + Iz s i n ^ Go 
I z cos 2 cto "" 2I XZ sin cto cos cto + I x sin 2 cto 
(I z — I x ) sin cto cos cto + I xz (cos 2 ao — sin^ oto) 




APPENDIX C 


EQUATIONS OF MOTION, TRANSFER FUNCTIONS, 
AND COUPLING NUMERATORS 


Longitudinal 
a. Equations 

(l-X^)s-X* -X^s 

— Z-^s — Z u 0 — Z-w) 

“(M^s 


-X w (-Xq + W 0 )s+g 

3 — Z w (— Zq— U Q )s+g 

+ M W ) s 2 -M q s 


cos 0 O 


u 


r 

<D 

60 

X 

1 

sin 0 0 


w 

= 

Z &e 



0 


OD 

£ 



q = - S0 

fi = — w cos 0 O + u sin 0 O + (U D cos 0 O + W Q sin 0 O )0 

a z = sw - U 0 q + (g sin 0 O )0 

a z = a z “ 

• t • • 

h = h + cos 0 O 9 

b. Transfer Functions 



v 4 3 2 

1) Denominator, A = As + Bs + Cs + Ds + E 

A = (1 ~ 2£) 

B = -(M q + X*)( 1 - Z*) - Z w - ^ 

C = MqZy. - ^ + X*[(M q )(l - 7 ^) + 7 ^ + 1 ^] 

~ + W ot^ + K(' ~ + sin 0 o 

NOTE: Terms including X^, Z^, M^, X-^ are neglected in polynomial expressions. 
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D - - M ^ +M ^ + erM^+M*(i -Z^cose o + W 0 (M^*-M*Z v ) 

+ g^-MJCjJsin e 0 

E = g(M w ZJ - M*Z v )cos 0 O + gim^ - M^Jsin 0 Q 


2) Numerators 

n 6 = A e s2 + B e s + c e 

Ae = Z 6 M * + >%0 “ V 

B e - x &[v; + m ; (i - V3 + z 5 (m w - m w x s } - M ^ + x u^ - z *fl 

c 0 = Ws - W + - v? + *%(: vs - v# 



Ng = A w s^ + I^s 2 + C w s + D w 

_____ 

B w = -Z 6 (M a + X*) + UoM 6 + X 6 Z^ 

C w = X u (Z 6 M d - U oM&) + W o(Z 6 M u ' " gM 6 Sin 0 O + X &K U o " ^M q ) 

D w = gfZgMJ " %Zj)cos 0 O + gM 6 X* sin 0 Q - X 6 M^g sin 0 O 
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C-2 






N 6 Z “ 

L 

A a’ s + 

d, 2 

B's 5 + C a 's 2 + D’s + E » 
a Z a z a z a z 

A n t 
a z 

-K 

- Ve 



B a . 

a z 

If 

- 

- Vs 


c a < 

a z 

= C w 

- hPe 

" U O®0 + 

g sin 

D„. 

a z 

= D v 

- u o c 0 

+ g sin 

®o B e 

E a « 

a z 

= + g sin 0 C 

> c e 



To obtain a z , let l x = 0. 


2, Lateral 

a. Equations 


s-Y v 

W Q s + g cos 0 O 

U 0 s -g sin 0 O ~ 

P 


# * 

Y *a Y 8 r 

Vt o 

V Tq s 


1 

s(s-L^) 


P 

s 

= 

L &a L &r 


-N*s 

s-Nr 

r 


% % r _ 


V = V Tq P 

<P = -f- + -f- tan 0 O 


4 


1 _r 
cos 0 O s 


®y = sv + U Q r - - g( cos 8 0 

®y = ®y + 1 xiat sr ~ 1 Z S P 



b. Transfer Functions 


N? Ng 

qp _ °a # _ u r 

5 a ^lat ’ & r ^lat ’ 


h 3 2 

1 ) Denominator, A^at ~ as + t>s + cs + ds + e 


= -(Y v + Lj + Np 


W o L p 


= y~ ^ + Lp(Y v + N^) - N«L|+ Y^N*. - 


- vf- (Mplp - LpKp) + - tyi) “ vf" cos 9 o + N P sin 6 ° ) 


"° /t «T f T 1 \ 

+ v^ - (^p^r ^p^r) 


T#- [(LpNr - NpL^) cos 0 O - (NpLp - L^Np) sin 9 0 ] 


2) 5 (6 a or 8 r ) Numerators 


Ng = Aps^ + Bps 2 + Cps + Dp 


-YgCLp + NrJ - ^ ^ 

1 0 O 


= Y J (LjNj. - N^) + l£ ^ cos 9 q + (NpLp - LgNp) ^ 


+ ( N 5 L r - L & N r) + Np sin 9 Q 


-S- (NfcLj. - LgNp) cos 9 0 + y^~ (N^L£ - n£i£) sin 9 


6 fw'T • _ TVT ' T * 


C-4 




C-5 









To obtain ay, let l X l ^ = l z = 0. 
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